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ABSTRACT

Using the integrated manned space flight program
corresponding roughly to the maximum program (Option I) in
the Presidents' Space Task Group (STG) report, traffic models
for earth orbital operations, lunar exploration activities,
and future manned planetary missions are derived and dis-
cussed. The data presented here is consistent with vehicle
size data and program guidelines that existed during the
development of the integrated plan. No effort has been made
to maintain currency with evolving vehicle configurations.

The years covered by the earth orbital and lunar
exploration traffic models are from 1970 to 1984. The model
for manned planetary operations, not referenced to any
specific calendar year, covers a seven year duration.

The final steady state traffic for all STG options
is about the same. The principle differences between Options I,
II, and III of the STG report is the rate of acceleration to
steady state. Consequently the traffic models presented here
for the steady state period should be applicable to all of the
options.

For the program considered the cislunar flight
network achieves an operational steady state in 1982 with
an annual traffic input of 90 to 95 space shuttle flights and
two Int-21 launches. The steady state output of the system
consists of the science, applications and technology activities
associated with the various stations located throughout cis-
lunar space including the use of the low altitude earth orbit
station as a launch control center for unmanned planetary probe
injections.

Additional annual traffic to support manned planetary
operations does not exceed 24 space shuttle flights and four
Int-21 launches. The cislunar and manned planetary input
traffic can be directly added to determine the gross traffic
support requirements, recognizing that the injection date of
the first interplanetary flight must be during the calendar
year of the mission opportunity.
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1.0 Introduction

The mission modes of the integrated plan corresponding
roughly to the maximum program in the Space Task Group (STG) re-
port are used to synthesize traffic models for earth orbital and
lunar exploration activities. (Reference 1) The model for earth
orbital operations includes provision for the injection of un-
manned planetary probes from low earth orbit onto their respec-
tive transplanetary trajectories. A model for manned planetary
operations is also presented but is not referenced to any specific
calendar year thus leaving as an open question the time at which
this kind of activity would be initiated. The effect of any
given launch date for a manned planetary mission on the earth
orbital and lunar exploration traffic can then be examined by
merely adding the manned planetary traffic.

The years covered by both the earth orbital and lunar
exploration traffic models are from 1970 to 1984 which the dur-
ation covered by the manned planetary model is seven years.
Using a summary description of the integrated plan mission modes
as a point of departure the earth orbital, lunar exploration and
manned planetary models are derived and discussed in some detail
below.

2.0 Mission Modes and Vehicles

The integrated program consists partially of the
systematic establishment of semi-permanent manned bases in
various locations in cislunar space and eventually in inter-
planetary space. The parallel introduction of low cost trans-
portation systems provided for the purpose of economically
moving cargo and personnel to and from the bases is the other
important ingredient of the program. The mission mode cor-
responding to each program element is depicted schematically
in Figure 1, and is summarized with vehicle descriptions below.

2.1 Low Altitude Earth Orbit Space Station

The station is located in earth orbit at an altitude
of 200 to 300 nm at a currently unspecified inclination. The
vehicle is used as a platform and/or control center for a wide
spectrum of science, applications and technology (SA&T) oper-
ations. It is also used as a satellite repair facility, out
bound cargo depot and orbital assembly and launch operations
center for lunar and geosynchronous logistics, and unmanned
and manned interplanetary missions.
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2.2 Geosynchronous Earth Orbit Space Station

The station operates in a geosynchronous equatorial
orbit and is wused as a platform and/or control center for a
variety of SA&T functions. The vehicle is also used as a
satellite repair facility.

2.3 Lunar Orbit Space Station

The station is located in a low altitude high
inclination lunar orbit. A spectrum of remote sensing SA&T
experiments as well as lunar surface sample analysis are
performed on board. The vehicle is also used as a base for
early lunar exploration and as a cargo and refueling depot
for surface base logistics support.

2.4 Lunar Surface Base

The lunar surface base is located at an appropriate
site on the surface and serves as an SA&T facility as well as
a point of embarkation for manned and unmanned lunar surface
expeditions.

2.5 Planetary Orbit Space Station

The station is the mission module portion of the
planetary space vehicle that is placed into a low altitude
mars orbit. Similar in design to the earth and lunar orbit
stations, it serves as a crew living quarters and center of
operations for the out bound, planetary orbit, and return
phases of a manned mars mission.

2.6 Planetary Surface Base

It is anticipated that eventually a manned surface
base will be established on Mars. Similar to the lunar surface
base, it would serve as an SA&T facility as well as a center of
operations for manned and unmanned Martian surface expeditions.

2.7 Apollo Applications Dry Work Shop (DWS)

The dry work shop is a precursor to the earth orbit
space station and thus will cover a narrower range of SA&T
activities concentrating on the effects on man of long duration
space flight (i.e. up to 56 days) and solar astronomy.
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2.8 Space Shuttle

The shuttle is a low cost launch vehicle which can
deliver 50,000 lbs. of cargo and up to 12 people to low
altitude earth orbit. The vehicle cargo bay is 15 feet in

diameter and 60 feet long. The vehicle is capable of 100
reuses.

The Int-21 is a two stage (SIC&SII) expendable
launch vehicle used to deliver payloads to low earth orbit
that are too large for the space shuttle to accommodate.

The vehicle payload for this mission mode is 250,000 1lbs with
a maximum diameter of 33 feet.

2.10 Nuclear Shuttle

The crew rotation/lunar logistics mission for the
nuclear shuttle is the delivery of 90,000 pounds of cargo
and up to 6 people to the lunar orbit space station and the
return of 10,000 pounds of cargo and 6 people to the earth
orbit station. The unmanned lunar logistics mission con-
sists of 100,000 pounds of cargo delivered to the lunar orbit
station and 10,000 pounds returned to the earth orbit station.
The nominal geosynchronous crew rotation/logistics mission de-
livers 90,000 pounds of cargo and up to 6 people to the
geosynchronous station and transports 6 people to the earth
orbit station on the return flight. The vehicle consumes
240,000 pounds of liquid H, propellant on each logistics flight.
It is capable of 10 reuses.

2.11 Space Tug/LM-B

The two versions of this fully reusable vehicle are
the LM-B, which is used for lunar surface exploration and crew
rotation/logistics support of the lunar surface base, and the
space tug which is used for in situ earth satellite repair and
earth orbital assembly operations. Space tug propulsion modules
are used for unmanned planetary probe injections. (Reference 2)

There are two LM-B's assigned to the lunar orbit
station, one to perform surface sorties and the other avail-
able as a rescue vehicle if the need should arise. A single
space tug is assigned to each of the earth orbit stations
and the number of space tug propulsion modules needed for
planetary probe injections varies from 2 to 4 depending on
the year. The assumed vehicle design life is one year and its

propellant capacity is 40,000 pounds of liquid 0, and H,.
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2.12 Planetary Space Vehicle

To maximize crew safety a dual planetary mission
mode is adopted which consists of two identical planetary
space vehicles performing the transfer to Mars and back to
Earth in convoy fashion. The propulsion for each vehicle
consists of three nuclear shuttles two of which perform the
injection and return to earth orbit for use in cislunar
operations while the third continues on to Mars with mission
and payload modules attached. After achieving Mars orbit
and after sufficient site survey through remote sensing and
unmanned probe investigation, surface exploration is initiated.
At the conclusion of exploration activities the nuclear
shuttle brings the mission module back to earth and into an
elliptical recovery orbit. The mission is concluded by using
another nuclear shuttle to transport the returned planetary space
vehicle to the vicinity of the low altitude earth orbit station.
The only system elements not recovered are the payload module
and transportation system used between Mars orbit and the surface.

2.13 Mars Excursion Module

Transportation between the planetary space vehicle
in Mars orbit and the surface is provided by an expendable
two stage vehicle; the mars excursion module. The descent
mode consists of aerodynamic followed by propulsive decel-
eration while ascent is performed by the separate propulsive
stage delivered to the surface by the descent stage.

2.14 Saturn IB

The two stage Saturn IB (S-IB&S-IVB) is used as a
crew rotation/logistics vehicle for the Apollo Applications
DWS; the precursor of the low altitude earth orbital space
station.

2.15 Saturn VB/Apollo

The Saturn VB/Apollo is the expendable system used
for lunar exploration prior to the availability of the lunar
orbit station and reasable LM-B vehicle. Basically, it is
an upgraded Apollo system allowing lunar surface stay times
of up to 3 days with a discretionary payload of 1000 pounds,
and an increased CSM mission duration of 16 days.

2.16 Saturn VC

The four stage Saturn VC (Sat V plus space tug pro-
pulsion module) is the expendable lunar logistics vehicle used
prior to the availability of the reusable nuclear shuttle. 1Its
payload capability to the lunar orbit station is about 100,000
pounds. This assumes that the Sat V vehicle has performance
equivalent to 120,000 pounds TLI.
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3.0 Earth Orbital Operations

The earth orbit traffic model is given in Figure 2
and the unmanned planetary probe launches programmed for
the years 1976 through 1984 (allowance for which is included
in the model) as presented in Reference 2, are listed in
Table 1. The model is arranged with a general missions
schedule appearing at the top of Figure 2 followed by a
launch schedule for each of the three launch vehicles used
for earth orbital missions. To provide increased visibility
the launch schedule for each vehicle is further broken down
according to the objective and/or payload for the mission.

Earth orbital activities are generally composed
of three types of operations: low earth orbital; geosynchro-
nous earth orbital and unmanned planetary probe injection
from low earth orbit.

3.1 Low Earth Orbit

Low earth orbital activities begin in 1972 with the
first AAP dry workshop launched on an Int-21, and logistics
support being provided by Saturn IB launches. In early 1975
the newly developed space station module takes the place of
the dry workshop in low earth orbit via Int-21 launch.
Logistics support is provided by another newly developed
system, the space shuttle. 1In 1979, 1980 and 1981 additional
space station modules are placed in low earth orbit with
Int-21's for the purpose of expanding the space station into
a considerably larger space base.

3.1.1 Space Tug Operations

Starting in 1976 there will always be one space
tug assigned to the space station and later to the space base.
The space tug vehicle is too large to be transported in the
shuttle cargo bay and therefore must be placed in orbit by
an Int-21. The assumed space tug life time of one year estab-
lishes the need for one Int-21 launch per year. The space
tugs (LM/B's) needed for operations in other areas of the
program make up the remainder of the Int-21 payload. 1In the
years 1979, 1980 and 1981 an additional Int-21 launch is
needed for delivery of space tugs to low earth orbit. This
will be discussed in more detail.
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3.1.2 Station Logistics

To support the low earth orbit space station, the
space shuttle launch rate starts at 3/Yr in 1975 and in-
creases to a steady state value of 10/Yr in 1979. From 1975
through 1978 three flights per year are devoted exclusively
to cargo for the space station with any additional flights
devoted to space tug propellants. Because of the beginning
of the space base buildup in 1979 the shuttle launch rate for
all cargo payloads increases from 3/Yr to 4/Yr resulting in
6 flights per year being devoted to space tug propellants.
Since one shuttle payload is about equivalent to one space
tug propellant capacity, six full capability sorties can be
performed each year for satellite repair, space base con-
struction, etc.

Starting in 1977 2 polar sortie missions per year
are assigned to the space shuttle itself. This is needed
because the space tug can't reach polar orbit from the nominal
space station orbit. A steady state total of 12 space shuttle
fiights per year are provided for support of low sarth orbit
operations.

3.2 Geosynchronous Earth Orbit

Geosynchronous earth orbital activities are
initiated in 1980 by first placing a space station module
(Int-21 launch) in low earth orbit in preparation for its
transfer to geosynchronous orbit by the nuclear shuttle.

The space station module, a space tug with propellant slightly
off loaded and a crew of six comprises the payload that the
nuclear shuttle places in geosynchronous orbit. The space

tug assigned to the geosynchronous station is transferred to
low earth orbit as part of the payload of an earlier Int-21
launch while the crew is transported to orbit aboard the

space shuttle.

3.2.1 Station Logistics

After geosynchronous operations commence in 1980,
four manned nuclear shuttle logistics flights per year are
required for space tug replacement and refueling, crew ro-
tation and general logistics. This, plus the 6 per year
needed to support the lunar program call for 10 nuclear
shuttle flights per year in all. Since it is assumed that
the useful life of the nuclear shuttle is 10 missions a
requirement for one new nuclear shuttle per year is established.
To remain within the Int-21 payload constraint the nuclear shuttle
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is delivered to low earth orbit with hydrogen off loaded.

A single space shuttle tanker flight then fills the nuclear
shuttle tank to capacity. This provides a new fully fueled
nuclear shuttle in low earth orbit ready to take aboard

cargo and crew for its maiden logistics mission to the
geosynchronous station. After the maiden voyage 6 space

shuttle tanker flights are required for each nuclear shuttle
flight; 5 to fill the hydrogen tank and 1 to fuel the space

tug which is needed for assembly operations. This establishes
the need for 18 additional space shuttle tanker flights per

year. Transportation of geosynchronous cargo, space tug pro-
pellant and crew to low earth orbit requires 2 space shuttle
flights per nuclear shuttle mission. This establishes a re-
quirement for 8 space shuttle flights per year for geosynchronous
logistics which is reduced to 7 because part of the cargo re-
quirement is the new fully fueled space tug brought to low earth
orbit as part of the payload of an Int-21 launch. A steady state
total of 26 space shuttle flights per year are provided for
support of the geosynchronous space station.

3.3 Planetary Probe Injection

The space tug is programmed to be operational in 1976
thus permitting the initiation of unmanned planetary probe in-
jection activities in low earth orbit. The standard injection
configuration is a stack of two space tug propulsion modules
(PM) used in a fully recoverable mode. To achieve the high
energies needed for outer planet missions it is necessary to burn
the second PM to completion thus precluding recovery of the second
injection stage. Furthermore, to obtain acceptable mission
success probabilities for outer planet missions the launch of two
identical probes is required thus necessitating the loss of two
PM's for each mission of this kind. Therefore, years with no
outer planet missions require only 2 PM's while years with one
outer planet mission require 4 vehicles.

3.3.1 Space Tug/LM-B Requirements

In parallel with the planetary injection requirement
is one space tug per year for the low earth orbit station
starting in 1976; one per year for the geosynchronous station
starting in 1980 and 2 LM-B's per year for lunar operations
starting in 1979. The number of space tugs (LM-B's) that must
be delivered to low earth orbit in a given year is obtained
by simply adding the above requirements. The result is that
the Int-21 payload limitation of 5 fully fueled IM-B's is sub-
stantially exceeded in the years 1979, 1980, and 1981 primarily
because of the beginning of geosynchronous operations in 1980
and the outer planet mission in each of those years.
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For this reason an additional Int-21 launch devoted exclusively
to delivery of space tugs to earth orbit is specified in those
years. After 1981 the schedule returns to one Int-21 launch
per year but with a payload of 6 space tugs using appropriate
propellant off loading, and assuming no stack height problems.

3.3.2 Probe Injection Propellants

Only one planetary injection mission can be performed
by the fully fueled injection space tugs delivered to earth
orbit by the Int-21. The injection vehicles must be refueled
by the space shuttle at a rate of 2 flights per probe injection.
This results in no more than 4 space shuttle tanking flights in
any one year for this purpose.

4.0 Lunar Exploration Operations

The lunar exploration traffic model given in Figure 3
is presented in the same format as the model for earth orbital
traffic shown in Figure 2. Lunar exploration activities from
1970 to 1984 can be conveniently separated into two categories;
Apollo and post Apollo operations, the former continuing
through early 1975 and the latter initiated in early 1976.

4.1 Apollo

Lunar exploration activities using existing Apollo
hardware continues at a rate of three missions per year through
1970. Starting in 1971, XCSM's and XLM's (X for extended) will
be launched on Sat V B's to perform lunar exploration missions
with 3 day lunar surface stay times and up to 16 days of total
mission duration at a rate of 2 missions per year through 1974.
These extended Apollo operations are terminated with a final
mission in early 1975. Through early 1975 the lunar population
including both surface and orbital operations never exceeds
three astronauts.

4.2 Post Apollo

In the post Apollo era the mode of transporting
cargo and crew from low earth orbit to the moon is via the
nuclear shuttle. Since the shuttle is not programmed to be
operational until early 1979 an interim transportation system,
the four stage Sat VC launch vehicle, is used for lunar
logistics.
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Post Apollo activities are initiated in late 1975
with an unmanned lunar flight test mission of the Sat VC
launch vehicle and LM/B vehicle. Assuming the test mission
qualifies both vehicles for flight operations the lunar orbital
space station, a partially fueled LM/B propulsion module and a

LM/B crew capsule are placed in a low altitude lunar polar orbit
in early 1976.

4.2.1 Interim Station Logistics

Two months later the station is manned by a crew
of four transported to the station in a QCSM on the first lunar
crew rotation/logistics mission. This flight also carries a fully
fueled LM/B and cargo for lunar surface exploration. Two LM/B's
one for backup and rescue, and the other for surface sorties, are
mandatory to start lunar surface exploration. This ground rule
was imposed Dbecause of the possible need to rescue marooned
personnel from the surface. The partially fueled LM/B delivered
with the space station remains at the station as
a rescue vehicle while the fully fueled vehicle performs the
first lunar surface sortie mission in the second quarter of 1976.
The unmanned logistics mission in the third quarter of 1976, pro-
vides two full LM/B propellant loads and cargo for surface ex-
ploration. The propellant is packaged in stripped down LM/B
venicles (i.e. engines, intelligence and landing systems removed
to create a LM/B Tanker) the weight reduction permitting the
inclusion of surface cargo while remaining within the Sat VC
lunar orbit payload constraint of 100,000 pounds. Two sorties are
performed in the third quarter of 1976. The manned crew rota-
tion/logistics mission in the fourth quarter of 1976 brings a
fresh crew in a QCSM to the station for the first crew rotation,
a full LM/B tanker and cargo for the final surface sortie of
1976, resulting in a total of 4 sorties for the year. 1In the
first year of post Apollo operations a continuous lunar popu-
lation of 4 is established as opposed to an intermittent popu-
lation of 3 during Apollo activities.

The lunar logistic mission rate changes from one per
quarter in 1976 to one every four months in 1977 starting in
January with an unmanned mission for replacement of the initial
LM/B PM's which have reached their assumed useful lifetime of
about one year. Unmanned logistics missions delivering LM/B
tankers and cargo or new LM/B PM's are continued on 8 month
centers through March of 1978. Manned crew rotation/logistics
missions start in April of 1977, and are performed on eight month
centers through August of 1978. The delivered payload consists of
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the QCSM, a LM/B tanker, lunar surface cargo, and on every
other flight starting with the first, LM/B crew capsule
replacements. This mode of crew rotation and logistics
provides for 5 and 4 lunar surface sorties in 1977 and 1978,

respectively. The continuous lunar population level of 4
is maintained.

4.2.2 Station Logistics

The nuclear shuttle becomes operational in early
1979 and in conjunction with the space shuttle assumes the
lunar crew rotation and logistics burden. The first nuclear
shuttle lunar logistics mission is an unmanned flight which
transports two LM/B PM replacements to the moon and returns
to earth orbit with two empty LM/B tankers. The tankers
are obtained by stripping down the two LM/B's (at the lunar
orbital station) that are being replaced. This kind of un-
manned nuclear shuttle logistics mission is the first to be
performed each year and results in the supply of two new
. LM/B PM's and the creation of two new tanker modules on
a rotating annual basis. The new LM/B PM's are transported
to earth orbit as part of the payload of an Int-21 launch.
Thus, the history of a lunar operations LM/B PM is; trans-
portation to low earth orbit aboard an Int-21; transportation
to the lunar orbital base aboard the nuclear shuttle; lunar
surface exploration operations for one year; strip down and use
as a lunar logistics propellant tanker for one year; and ex-
pend by injecting the tanker into solar orbit aboard a nuclear
shuttle which has reached its useful life of one year.

Replacement crew capsules for lunar exploration
operations are carried to earth orbit aboard the space
shuttle and transported to the moon by the nuclear shuttle.
This is done annually, on the second logistics flight of the
year.

In general, propellant for two LM/B refuelings are
carried on each unmanned nuclear shuttle mission and one
refueling on each manned flight. All additional shuttle pay-
load capability is available for lunar exploration and/or
discretionary cargo. In the first year of nuclear shuttle
operations three lunar logistics missions are performed; two
unmanned and one manned. Normally, this would provide pro-
pellant for 5 lunar surface sorties in 1979. Since the six
man version of the new capsule is used to transport personnel
on the nuclear shuttle the single manned logistics flight in
1979 permits the lunar orbit station crew of 4 to be replaced
by a fresh crew of 6. A total of 12 tanker and 2 cargo space
shuttle flights are needed for logistic support of the three
nuclear shuttle missions in 1979.

A steady state level of 4 manned and 2 unmanned
lunar logistics/crew rotation missions commence in 1980.
This provides cargo and propellant for 8 surface sorties
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per year and an expansion of the continuous lunar population
from 6 to 12 some of which will reside in the lunar surface
base. The given rate of 6 space shuttle tanker flights per
nuclear shuttle mission establishes a requirement for 36 space
shuttle flights per year for nuclear shuttle refueling and
payload assembly. Each LM/B tanker capacity requires a single
space shuttle flight yielding a total annual requirement of 6
flights while lunar cargo needs are satisfied by 5 space
shuttle flights per year.

5.0 Manned Planetary Operations

A feasible manned planetary traffic model is given
in Figure 4 presented in the same kind of format as the models
for earth orbital and lunar exploration activities. The
model is based on an increasing manned Martian exploration
capability using only conjunction class missions. Missions
and vehicle data are taken from reference 3. Because of future
funding uncertainties the model is not specified according to
calendar year but is presented as a function of years from the
beginning of operations.

There are three overlapping missions indicated,
each successive mission employing more ambitious exploration
activities. Assuming the initial unmanned probes on the first
mission find no significant biological hazard, manned landings
will be performed on each of the three flights. These landing
operations should culminate in the establishment of a manned
Mars surface base on the third mission. Subsequent flights
to Mars would be for base expansion, resupply and crew rotation.
To avoid an inordinately large number of space shuttle and
Int-21 flights in any one year, an effort has been made to
spread the assembly and funding of each planetary space vehicle
over a period of several years prior to its injection.

5.1 First Mars Mission

On-orbit assembly operations of the two planetary
spacecraft for the first Mars mission begin approximately 1.5
years before trans Mars injection. The four nuclear shuttles
to be used for trans Mars injection are transported to orbit
aboard Int-21 launch vehicles. One space shuttle flight per
nuclear shuttle is needed to replace the off loaded hydrogen

resulting in a total of 4 space shuttle tanker flights for the
year.

The following year the two nuclear shuttles pro-
grammed to make the round trip to Mars and back are launched
into earth orbit aboard Int-21's. Shuttle propellant is
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off loaded to allow inclusion of a Mars excursion module in
both of the Int-21 payloads. Three space shuttle flights

per nuclear shuttle are needed to fill its hydrogen tank to
capacity establishing a requirement for 6 space shuttle tanker
flights in that year. The remainder of the two planetary
vehicles including crew living quarters, retrieval facility,
expendables module and unmanned sample return probes are
placed in earth orbit by two Int-21 launches.

Since orbital assembly operations in constructing the
two planetary vehicles are anticipated to be quite extensive a
generous allowance of 6 space shuttle flights for space tug
refueling has been provided. One space shuttle flight has been
allocated for transportation of the crew and their equipment to
the assembled planetary space vehicle yielding a total of 13 space

shuttle flights required for the second year of manned planetary
operations.

5.2 Second Mars Mission

After the injection nuclear shuttles perform their
function (See Section 2.11 for planetary mission mode descrip-
tion) they return to earth orbit and, if desired, can be used
for cislunar logistics operations until they are needed again
for the second Mars mission. Their reuse on the second
planetary injection assumes they have been used for no more
than 2 or 3 cislunar logistics missions.

In the third year two of the injection shuttles are
refueled each requiring 5 space shuttle flights for a total
of 10 flights for this purpose. Since the two nuclear shuttles
have not yet returned from the first mission the first of two
new shuttles for the second mission is launched on an Int-21
in this year. As before hydrogen is off loaded to permit a
mars excursion module to be included in the payload. Three
space shuttle tanker flights are needed to replace the off
loaded hydrogen establishing a total requirement of 13 space
shuttle flights for the third year of manned planetary operations.

In the fourth year preparations for the second Mars
mission continue. The remaining 2 injection nuclear shuttles
are refueled requiring 10 space shuttle tanker flights. The )
second off loaded nuclear shuttle and mars excursion module are
launched into orbit on an Int-21. This establishes a need for
3 space shuttle tanker flights to replenish the off loaded
hydrogen. Two Int-21 launches each place living quarters, an
expendables module and another mars excursion module in earth
orbit. As before 6 space shuttle tanker flights are allocated
for space tug refueling and one for personnel and crew equip-
ment transportation. Therefore, the total number of space
shuttle flights in the fourth year of operations in 20.
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5.3 Third Mars Mission

Toward the end of the fifth year the planetary
vehicles from the first dual Mars mission, consisting of
two nuclear shuttles each with crew living quarters attached,
returns to earth. These nuclear shuttles are used again for
another round trip on the third Mars mission.

During the fifth year it is assumed that one of the
two returned shuttles is refueled in preparation for the
third Mars mission establishing a need for 5 space shuttle
tanker flights. One of the injection shuttles is also re-
fueled resulting in a total of 10 tanker flights for the year.

Preparations for the third Mars mission continue
in the sixth year. The three remaining injection shuttles and
the single remaining planetary shuttle are refueled resulting
in a total of 20 space shuttle tanker flights. Two Int-21's
are launched, each containing a Mars excursion module and
either a Mars surface base of a Mars surface base support
system. A second pair of Int-21's are launched the paylcad
of each consisting of a Mars excursion module, and an expendables
module. The orbital assembly space tug requirement for re-

fueling is assumed to be 4 space shuttle flights for the year.

In the next and final year two additional space tug
refueling shuttle flights and one crew/crew equipment flight
are allocated for final preparations prior to injection for the
third Mars mission. It is anticipated that after the third
mission (assuming a Mars surface base is established) Mars lo-
gistics/crew rotation missions of the conjunction class will be
performed on approximately two year centers.

5.4 Fuel Depot Considerations

In the present traffic model propellant for each of
the three missions is delivered to one or more of the nuclear
shuttles as much as 1.5 years prior to the time at which trans
Mars injection is executed. Therefore, the nuclear shuttles
are, in effect, propellant storage facilities as well as
planetary mission propulsion modules. Essentially, this mode
achieves the advantage of a separate fuel depot without
actually constructing one, ie, the required space shuttle tanker
flights are spread over a reasonable period of time. However,
it has the disadvantage of making planetary spacecraft assembly
operations more expensive propulsively, in that, the nuclear
shuttles are considerably heavier when they are fully loaded
with propellant than when empty. Ideally, the planetary
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vehicle should be completely assembled first and then the
nuclear shuttle tanks filled with propellant shortly before
injection. This can only be accomplished without sacrificing
a reasonable time distribution for the required space shuttle
tanker flights, if a separate orbital fuel depot is available.

The capacity of a depot conservatively sized to
store enough liquid hydrogen for a Mars mission would be
about 1.5 million pounds requiring 30 space shuttle tanker
flights to fill it. Since there is about 2 years separating
each of the Mars injections and since each of the missions
approximately depletes the fuel depot a requirement for about
15 space shuttle tanker flights per year is established. The
Int-21 launches needed to transport a fuel depot to orbit
are not covered in the traffic model.

6.0 Conclusions

Table 2 summarizes by calendar year from 1975 through
1984 the space shuttle and Sat V traffic departing from the
earth's surface in support of cislunar operations. Basically,
this represents the cargo and propellant input to the emerging
integrated manned space flight network which reaches an oper-
ational steady state in 1982. The annual steady state traffic
consists of between 90 and 95 space shuttle flights and 2 Int-21
launches. The steady state output of the network consists of the
SA&T activities associated with the various stations located
throughout cislunar space including the use of the earth orbit
station as a launch control center for unmanned planetary probe
injections.

Incremental earth surface departure traffic to
support manned planetary operations is summarized in Table 3.
Without an orbital fuel depot, and excluding the first year
of operations the number of annual space shuttle flights varies
from a minimum of 10 to a maximum of 24. With a fuel depot
the number of annual shuttle flights alternates between a
minimum of 15 and a maximum of 22. The number of annual Int-21
launches never exceeds four. An overall traffic summary can
be obtained by directly adding the summaries in Tables 2 and 3
recognizing that the first planetary injection must coincide
with a conjunction class mission opportunity.

Ay /QM

1012-EMG-pak E. M. Grenning

D)



Z Z Z S ¥ ¥ ¥ S S € S3UbBTTd A uanijes [ejzol
Z Z Z S 7 i r4 Zz T 1 HmnucL

A uanjesg
r4 € 17 Z DA 3es

saybrT1a

€6 S6 T6 So LA T€E VT ST 8 € an—.u.ﬁﬂm OOMQm 1e30r5
€S €9 €9 €S €9 91 uotjexordxd

Teung| 8T133INYS

ov v 8¢ v 0¢C ST I ST 8 € 3TqI0 Yyjaeg soeds

78 €8 Z8 18 08 6L 8L LL 9L GL

Ieox JIepusIe)

wo3sks soT3istbor

Axeummgs oT3yIeal 3ndurl

IeunysTd - Z a1qel




-{opow OTFJeI3 UT PIpNTOUT 30U 9Ie 3TqIo ur jodsp adeld 03 pepddu saydunet

1z-3uT -poumsse ST ¢y pInbTiT 3o A3Toedeo punod UOTTTTW G°T Y3TM 3odep TonF TeITAIOs
0 v 0 € T 4 14 TZ-3uI
8T €T GT 2z q1 e qT x30ded 1°nd
oda angd O E) n
€1 ve 01 0z €1 €1 p | 300°0 oM oN | AT
L 9 3 v € Z T

sIieax IepuaTed

&

uot3oalfur Lxejsueld 3IsITA

wo3skg soT3sTbOT

Axeummmg oT3yjyexl Indul Axejsueld pdUUeBHW - g ST]eEL



S3AQ0W NOISSIN WY HDO0Hd AILVHOILNI - L IHNDIS

OA NHNLVS
g9A NYNLVS

WSJ/81 NHNLVS

NOILV1HOdSNVHL WIHI.LNI
3TNAOW NOISHNIX3 SHYW
3TIIHIA IOVdS ABVLINY I
5N1 30VdS/a-W1

3TLLINHS HVYITONN

LZ- LNI 8 31LLNHS 30VdS

NOILV1HOdSNVH L

@8O
@3®

CECNONCONC)

W [All
wso [i]

SMA SNOILLYDITddY 071104V _H_

3Sva WIHILNI

Isvd 39V44HNS E
NOILVLS LigHO H

AHV13INVId

3sSvd 30V4HNS E

NOILV1s Ligdo [in]

HYNNT
NOILVLS SNONOHHONAS E
NOILVLS 3ANLILTY MO _H_

11940 H1dVv3

s3asva




BELLCOMM, INC.

REFERENCES

"An Integrated Program of Space Utilization and Exploration
for the Decade 1970 to 1980," NASA, Washington, D.C.,
July 16, 1969.

A. E. Marks, "Application of the 1M/B and Space Tug Propul-
sion Module to Unmanned Planetary Probes," Bellcomm
Memorandum for File, B69-07065, July 22, 1969.

H. S. London, et al, "Integrated Space Program: Manned
Planetary Missions for the 1980's," Bellcomm Briefing
Package, July 1969.



BELLCOMM, INC.

Sub;ect: Integrated Manned Space Flight
Program Traffic Model

Case ~ 105-4

DISTRIBUTION LIST

NASA Headquarters

R. O. Aller/MF

W. O. Armstrong/MTX
J. R. Burke/MTE

P. E. Culbertson/MT
L. E. Day/MH

S. S. Dimaggio/MAL
C. J. Dbonlan/MD-T
W. A. Flemming/PT
J. N. Foster/AAD

W. S. Groszyk/MRP-1
T. E. Hanes/MLA

E. W. Hall/MTG

S. H. Hubbard/MF

T. A. Keegan/MA-2
R. N. Lindley/M

R. L. Lohman/MF

B. Milwitzky/MAL

N. Rafel/MR

L. R. Scherer/MAL
A. D. Schnyer/MTE
J. B. Skaggs/AAD

W. E. Stoney/MA

R. Toms/MAL

W. von Braun/AAD
M. G. Waugh/MT-1
J. W. Wild/MTE

D. Williamson/P

D. D. Wyatt/AAD

F. L. Williams/AAD

Manned Spacecraft Center

R. A. Berglund/HA
D. E. Fielder/HC

From: E. M. Grenning

Marshall Space Flight Center

K. K. Dannenburg/PD-SS-MGR

J. A, Downey/PD-MP-DOR
W. G. Huber/PD-SA-DIR
W. R. Lucas/PD-DIR

T. H. Sharpe/PD-SA-L

G. von Tiesenhausen/PD-SA-0

Kennedy Space Center

R. C. Hock/AA
P. G. Merritt/DE

Ames Research Center

D. H. Dennis/M
H. Hornby/MO
P. R. Swan/MS

Bellcomm

G. M. Anderson

A. P. Boysen

D. R. Hagner

B. T. Howard

D. B. James

J. Z. Menard

J. W. Timko

M. P. Wilson.

All Members, Division 101
Central Files :
Department 1024 File
Library

Abstract Only

I. M. Ross
R. L. Wagner



